A study was conducted in a pure stand of lucerne (variety Viktoria) Statistically significant (P<0.05) functional relations were found between the chemical characteristics and percentage of Capsella bursa pastoris (L.) Medic. participation in the lucerne sward, and forage quality. These relations indicated a multiple practical relevance and a necessity to control Capsella bursa pastoris (L.) Medic. in lucerne stands in order to decrease weed density and improve forage quality.
INTRODUCTION
Full expression of lucerne's biological potential and its continuing use depend on degrees of weed infestation of its stands. Some authors (Fabri, 1974; Leonard, 1974; Cummings et al., 2004) consider the competitive effects of weeds uppermost among the factors infuencing the relatively short life of a crop. Cords (1973) , Temme et al. (1979) , Mueller and Fick (1987) , Undersander et al. (1993) and Dillard et al. (2004) found in their studies that the competitive effect of weeds in lucerne stands influenced the chemical composition of forage crop, as well as its palatability.
Shepherd's purse (Capsella bursa pastoris (L.) Medic.) of the group of annual dicotylenous weeds (Kolev, 1963; Čuturilo and Nikolić, 1986 ) is a permanent weed infesting old lucerne stands with highest densities. The weed was included in the approved list of economically important weeds in the Republic of Bulgaria belonging to a group of virus hosts. It causes inflammatory processes in monogastric animals (Yakimova, 1979) and greatly decreases the quality of herbaceous forage (Теmme еt al., 1980) . Capsela bursa pastoris is an aggressive weed with regard to vital factors influencing lucerne development. It creates a necessity to control the weed in order to secure pure stands, improve their botanical composition and increase their productivity (Peters, 1984; Waddington, 1985; Dimitrova, 2001) . As a result of efficient control of this weed, an increase of 29-31% has been achieved in dry biomass (Dimitrova, 2007) and 19-42% in seed productivity (Dimitrova, 2005) .
Producers of lucerne forage have a good reason to raise the question of the weed's negative effect not only in terms of quantity, but the quality of produced forage as well, and a necessity to control the weed.
The objective of this study was to determine the effect of shepherd's purse Capsella bursa pastoris (L.) Medic. on the chemical composition of lucerne Medicago sativa (L.).
MATERIAL AND METHODS
The study was conducted in a pure stand of lucerne (variety Viktoria) with a natural weed infestation with shepherd's purse (Capsella bursa pastoris (L.) Medic.) on a slightly leached chernozem soil under nonirrigated conditions in the experimental field of the Institute of Forage Crops -Pleven over the 2006-2007 period. To determine the chemical composition of aboveground biomass in the sward, three average samples of 500 g fresh biomass containing different quantity ratios of lucerne and weed were collected (Table 1) , fixed at 110 o C temperature and dried to constant weight at 63 ± 2 o C.
Sampling for the analysis was performed at an early flowering stage of lucerne, immediately before harvesting of the first cut for forage. The content of several major elements was determined using methods developed by the following authors: phosphorus -Gericke and Kurmis (after Sandev, 1979); calcium -Sandev (1979) ; crude protein (CP) content -conventional method of Kjeldahl (after Sandev, 1979) after determination of nitrogen content by formula: CP = N x 6.25; dry matter, crude fibres and crude ash -methods suggested by Sandev (1979) .
The experimental data were statistically processed by the STATGRAPHICS Plus software for Windows Version 2.1. Correlation (Spearman rank correlation coefficient, r) (Aavit, 2005 , Freckleton et al., 2008 , and regression analyses of all studied characteristics were performed to determine the effect of different proportion percentages of shepherd's purse on the chemical composition of lucerne.
Linear function Y = f (x 1 , x 2 , x 3.... x n ) for open biological systems, known also as the method of Wit (1966) , was used to determine the effect of shepherd's purse on the studied characteristics depending on its percentage in the lucerne stand. At the base of the model, the effect of the weed percentage was recorded depending on the kind of lucerne sward for the factors with significantly strongest influence, using variables in the regression equations: Y -percentage of shepherd's purse participation in lucerne stand; x 1 -dry matter; x 2 -crude protein; x 3 -crude fibres; x 4 -Са; x 5 -Р; x 6 -crude ash. 
RESULTS AND DISCUSSION
One can assess the harmful influence of Capsella bursa pastoris (L.) Medic. based on its participation in a lucerne stand by performing chemical analysis of the cuts.
The ranges of variation in the chemical composition of cuts made in the lucerne sward, depending on percentages of Capsella bursa pastoris (L.) Medic. participation, differed significantly. Crude protein, crude ash and Ca contents decreased disproportionately -from 3 to 47% with the increase in shepherd's purse presence in the lucerne sward. Crude fibre and P contents in lucerne increased by 6-49%, while the content of dry biomass did not differ significantly, as against the check variant -A (Tables 1 and 2) .
The results of a correlation analysis showed statistically significant relations between the studied characteristics depending on the percentage of Capsella bursa pastoris (L.) Medic. participation in lucerne for variants A, C, D, E, F, G, K, L, M and N. Positive and negative correlations between the studied characteristics were found, the correlation coefficient r Spearman varying from 0.730 tо 0.976 and from -0.559 tо -0.937, respectively, and being statistically significant at Р<0.05 (Table 3) . Table 3 . Correlations (r Spearman ) between the studied characteristics in lucerne sward depending on Capsella bursa pastoris (L.) Medic. participation. Tabela 3. Korelacije (r Spearman ) između proučavanih karakteristika u usevu lucerke u zavisnosti od prisustva vrste Capsella bursa pastoris (L.) Medic.
Characteristics Karakteristike
Variants -Varijante A, C, D, E, F, G, K, L, M and N B, C, D, E, F, G, K, L, M --x 1 -dry biomass; x 2 -crude proteins; x 3 -crude fibres; x 4 -Са; x 5 -Р; x 6 -crude ash x 1 -suva masa; x 2 -sirovi proteini; x 3 -sirova biljna vlakna; x 4 -Са; x 5 -Р; x 6 -sirovi pepeo Y -procenat učešća Capsella bursa pastoris (L.) Medic. u zasadu lucerke; x 1 -suva masa; x 2 -sirovi proteini; x 3 -sirova biljna vlakna; x 4 -Са; x 5 -Р; x 6 -sirovi pepeo; Se -standardna greška; r -koeficijent korelacije; R 2 -koeficijent regresije; Pl -P -nivo značajnosti Analogous with them were the results obtained from the correlation analysis r Spearman of the studied factors in variants В, C, D, E, F, G, K, L, M and N (Table 3 ). An exception was observed only in dry biomass / Ca, and dry biomass / crude ash interrelations, where r Spearman ranged 0.454-0.467, being statistically nonsignificant.
The data on the effect of shepherd's purse percent participation in the lucerne stand (Table 1) , obtained after application of different functional relations, is presented in Table 4 .
The results of the regression analysis showed functional linear relations y = a + b.x 1-:6 in the variants A, C, D, E, F, G, K, L, M and N (Table 1) The statistical analysis of data showed close functional relations of the following kind: y = f(x 1 ,x 2 ,x 3 ) between dry matter (x 1 ), crude proteins (x 2 ), сrude fibres (x 3 ), Са (x 4 ) and crude ash (x 6 ), and different participation percentage of shepherd's purse in the lucerne stand (y) in the variants A, C, D, E, F, G, K, L, M and N (Table 1 ). The relation can be expressed with the equation: y=321.403 -2.719.x 1 -1.5.x 2 -0,846.x 3 + 2,831.x 4 -1.857.x 6 ± 0.782; R 2 =0.889, statistically significant at P<0.05
The performed regression and correlation analyses in the variants A, C, D, E, F, G, K, L, M and N (Tables 1  and 4) did not show functional relations with regard to crude proteins (x 2 ), сrude fibres (x 3 ), Са (x 4 ), Р (x 5 ) and crude ash (x 6 ) -r varied from 0.033 tо -0.437 аnd R 2 was within a range from 0.001 tо 0.1191 (P<0.10), being also statistically nonsignificant. An exception was observed only in dry matter (x 1 ) and in functional relations of the following kind: y = a + b.x; y = a + b. √ -x and y = a + b.h(x); and where r was -0.694 аnd R 2 varied from 0.481 tо 0.482 at (P<0.05).
The used regression models described well the interrelations between the studied characteristics that proved lucerne forage quality to be dependent on the participation of the two components (lucerne and shepherd's purse) in the sward. The negative effect of Capsella bursa pastoris (L.) Medic. on chemical composition indicated a need for weed control. Efficient herbicides for treatment of old lucerne stands in nonvegetation periods have been established (Dimitrova, 2001 (Dimitrova, , 2007 .
CONCLUSIONS
The degree of effect of shepherd's purse (Capsella bursa pastoris (L.) Medic.) on the chemical composition of lucerne (Medicago sativa L.) can be determined by using a linear function for open biological systems.
Statistically significant (P<0.05) functional relations were found between chemical characteristics and percent participation of Capsella bursa pastoris (L.) Medic. in the lucerne sward, and forage quality y=321.403 -2.719.x 1 -1.5.x 2 -0,846.x 3 + 2,831.x 4 -1.857.x 6 ± 0.782; R 2 = 0.889.
These relations have practical importance in various respects, substantiating a necessity to conduct control against Capsella bursa pastoris (L.) Medic. in lucerne stands in order to decrease population density of the weed, as well as to improve forage quality.
